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PROBLEM TO BE SOLVED: To solve the problem that it 
is difficult to reliably stabilize reproduction 
characteristics, and it is inconvenient to reduce track 
width. 

SOLUTION: An entire multilayer film 20 is formed nearly 
in a projection shape having a base section B (step 
surface 20b) where the lower side of a slope in contact 
with the regions at both sides in a track region projects 
toward a track width direction, and a projection C on the 
base B, at least an entire antiferromagnetic layer 22, and 
one portion of a fixed magnetic layer 23 are provided. 
Contrarily, in the regions at both the sides opposite to 
the projection C, a flat section 33a of a second hard bias 
layer 33 is directly brought into contact with a free 
magnetic layer 25. 
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CLAIMS 



[Claim(s)] ^ 
[Claim 1] The multilayer which carried out the laminating to order to the truck field including the 
^fZTT^A m ^ ^ flXCd mafinetic ^ &e nonmagnetic conductive layer, and the free layer at 
bottom foTh A^ m TT?H f ma g neto -i; eSiStive 6ffeCt ' Carried out cou P le bating to order from foe 
tofifJ^fJ ^~ S1 tf 6l f l0 ,° at f u m ?° b0th Sid6S acrOSS said *»* field - When it is the spin bulb mold 

SlK PP W i- ^ 1St layer ' 1116 2nd hard bias ^ an electrode layer at least and 

£ * * y u l SeG i ^ ■? ° PP ° Sed faCe With a reCOrd medium While presenting the whole rough convex 
shaped which has the base located in the lower part of the direction of a laminating, and the lobe ly Xch 

70S camed u out u on « aid base including said free magnetic layer and forming and arraXg 

«frt Iv mte botS^ ^ -"tacting* foe both-sides 8 field of Sobe 

directly m the both-sides side of a free magnetic layer, forming and arranging said 2nd hard bias layer and 

Sr o g S?L dlreCtl ° n f f ^ flat Part ° f Said 2nd hard bias la ' er ™ re ne4 u^ op 
foe 2nd WH^! T^T bulb m ° ld ^ fllm characterized by carrying out foe laminating of 

™h ™ f h layer by which foe direction of foe underside of said flat part has been caudad arranged 
^Zfl T* ? ^ both - s | des field of said lQ be rather than foe underside of a free magnetic layeTso that 
foe 1st hard bias layer formed in foe both-sides field of said base may be contacted 
[Claim 2] The spin bulb mold thin film according to claim 1 characterized by containing all the 
^?r Sm a r TJ* u Pa ? ° f fiX6d magnetic ^ f at least J at lea *t in said base. 
&a?J^££^ to * 1 o^characterizedbypreparingabias substrate 

mtw knm 2E bulb . m ? ld J™ ^hn according to claim 3 characterized by including foe crystal in which 
sufflayei tZ^fcl 0neatatl0n t0 ^ fiIm ^ Peipendicular directi on ft least by said bias 

UnTL rlp^i? in bUlb r m ? d o! hi n fllm accordin g to claim 1 to which at least one side is characterized by 
SS"? a ?; oPt alloy or a CoCrPt aU °y among said 1 st and 2nd hard bias layers 

[Claim 6] The spin bulb mold thin film according to claim 5 characterized by being foe configuration in 

% ? *? C , OCrR all ° y mduded CiyStal in Which side! carried ouTorien^ation to 
the film surface perpendicular direction at least. lu 

[Claim 7] The spin bulb mold thin film according to claim 5 characterized by said CoPt alloy or a CoCrPt 

^S^^T" m WhiCh 10021 ^ C " rifid ° Ut preC6denCe "on ^ the film suScf 

[Claim 8] The spin bulb mold thin film according to claim 5 characterized by [002] sides carrying out 

foeCoCrPt SET ° n r, 1Ud ? g ?% C , iyStal in Which [100] «* C° 02 J sides c ^d out [ saiTcoPt Xy or 
£5 ^ en ™ Y ] onentatlon to ^ film surface perpendicular direction at least 

wV, ST™ f SI ? n buIb m ° ld ^ n fllm accordin g to claim 1 characterized by forming foe BAKKUDO layer 
which consists of a nonmagnetic electrical conducting material on foe free magnetic layer in said multilayer 

layeTm sSd I^uMUyT aCC ° rding t0 1 characteri ^ d by forming a specular reflection 

[Claim 1 1] The spin bulb mold thin film according to claim 1 or 9 characterized by said free magnetic layer 

tend^ Ca ^ ed ,° Ut ^ h ? fa ?« ° f ^ 1St free ma ^ etic la ^> a nonmS 
mteriayer, and foe 2nd free magnetic layer to order from foe bottom 

[Claim 12] The spin bulb mold thin film according to claim 1 characterized by said fixed magnetic layer 

tZ^SS^^ T ±e lm T^ S 0fth& 1St fixed ma ^ etic ^ anom^agnetic 

mteriayer and foe 2nd fixed magnetic layer to order from foe bottom 

[Claim 13] The multilayer which carried out foe laminating to order to the truck field including foe 



antiferromagnetism layer, the fixed magnetic layer, the nonmagnetic conductive layer, and the free layer at 
least and which demonstrates a magneto-resistive effect, Carried out the couple laminating to order from the 
bottom to the both-sides field located in the both sides across said truck field. It is the manufacture approach 
of the spin bulb mold thin film equipped with the 1st hard bias layer, the 2nd hard bias layer, and an 
electrode layer at least. Leave the multilayer of said truck field and it removes to a part of lower gap layer of 
the both-sides field. After carrying out the laminating of the 1st hard bias layer to said both-sides field 
removed on both sides of the multilayer of said truck field, The free magnetic layer of said multilayer is 
deeper than the depth by which the laminating was carried out, and it pretreats by removing a lateral portion 
and both-sides field including the side face adjacent to the both-sides field of said multilayer. Then, the 
manufacture approach of the spin bulb mold thin film characterized by contacting the 1st hard bias 'layer and 
making the lateral portion and both-sides field of a multilayer which were removed carry out the laminating 
of the 2nd hard bias layer. 

[Claim 14] The manufacture approach of the spin bulb mold thin film according to claim 13 characterized 
by containing all the antiferromagnetism layers and a part of fixed magnetic layer [ at least 1 at least in said 
base. 

[Claim 15] While said 2nd hard bias layer is arranged rather than the top face of a free magnetic layer in an 
upper part location, the direction of the top face of the flat part estranged from the ramp which touches the 
side face of a free magnetic layer The underside of a flat part is caudad arranged rather than the underside of 
a free magnetic layer. Directly under this 2nd hard bias layer The manufacture approach of the spin bulb 
mold thin film according to claim 13 characterized by contacting the side face of said lobe and forming the 
1st hard bias layer formed at the process before the membrane formation process of said 2nd hard bias layer. 

[Claim 16] The manufacture approach of the spin bulb mold thin film according to claim 13 characterized 
by preparing a bias substrate layer in the bottom of said 1 st hard bias layer. 

[Claim 17] Said bias substrate layer is the manufacture approach of the spin bulb mold thin film according 
to claim 16 characterized by consisting of Cr and [21 1] or [200] sides carrying out orientation to the film 
surface perpendicular direction at least. 

[Claim 18] At least one side of said 1st and 2nd hard bias layers is the manufacture approach of the spin 
bulb mold thin film according to claim 13 characterized by consisting of either a CoPt alloy or a CoCrPt 
alloy. 

[Claim 19] Said CoPt alloy or a CoCrPt alloy is the manufacture approach of the spin bulb mold thin film 
according to claim 18 characterized by including the crystal in which [002] sides carry out orientation to a 
film surface perpendicular direction at least. 

[Claim 20] Said CoPt alloy or a CoCrPt alloy is the manufacture approach of the spin bulb mold thin film 
according to claim 18 characterized by [002] sides carrying out precedence orientation to the film surface 
perpendicular direction. 

[Claim 21] Said CoPt alloy or a CoCrPt alloy is the manufacture approach of the spin bulb mold thin film 
according to claim 18 characterized by [002] sides carrying out precedence orientation including the crystal 
m which [100] and [002] sides carry out orientation to a film surface perpendicular direction at least. 
[Claim 22] The manufacture approach of the spin bulb mold thin film according to claim 13 characterized 
by forming a BAKKUDO layer in said multilayer. 

[Claim 23] The manufacture approach of the spin bulb mold thin film according to claim 13 characterized 
by forming a specular reflection layer in said multilayer. 

[Claim 24] The manufacture approach of the spin bulb mold thin film according to claim 13 or 15 
characterized by said free magnetic layer being the configuration which carried out the laminating of the 1st 
free magnetic layer, a nonmagnetic interlayer, and the 2nd free magnetic layer to order from the bottom. 
[Claim 25] The manufacture approach of the spin bulb mold thin film according to claim 13 characterized 
by said fixed magnetic layer being the configuration which carries out the laminating of the 1 st fixed 
magnetic layer, a nonmagnetic interlayer, and the 2nd fixed magnetic layer to order from the bottom 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the spin bulb mold thin film from which electric resistance 
changes by the relation between the direction of magnetization of a fixed magnetic layer, and the direction 
of the magnefazation of a free magnetic layer which changes under the effect of an external magnetic field 
and its manufacture approach. 6 ' 

[0002] 

[Description of the Prior Art] About the spin bulb mold thin film (spin bulb mold thin film magnetic head) 
from which the record field from record media, such as a hard disk, is detected, and electric resistance 
changes, the conventional structure is shown in drawing 14 . 

[0003] | The predetermined field corresponding to [ as shown in this drawing at this spin bulb mold thin 
film ] the width of recording track Tw While forming the multilayer 100 which presents the abbreviation 
trapezoidal shape which carried out the laminating of the antiferromagnetism layer 101, the fixed magnetic 
layer 102, the nonmagnetic conductive layer 103, and the free magnetic layer 104, and demonstrates a 
magneto-resistive effect in a (following and truck field) The thing of a configuration of having formed the 
hard bias layer 105, the electrode layer 106, etc. in these both sides (it being hereafter called a both-sides 
field) one pair is known. 

[0004] Thus, in the constituted spin bulb mold thin film, the magnetization direction of the free magnetic 
layer 104 is arranged in the same direction of X by the field of the hard bias layer 105 (bias field) 
magnetized in the width-of-recording-track (X) direction. Moreover, in this spin bulb mold thin film the 

i n?° n ^ CU £ ent (S6nSe C T ent) iS given to the fixed magnetic layer 102, the nonmagnetic conductive layer 
rnnAc^ t 6 , magnetic layer 104 from the electrode layer 106 formed on the hard bias layer 105 
[0005] On the other hand, the transit direction of the record medium besides a graphic display is the' 
direction of a laminating (Z), and if the signal field from this record medium is given in the height (Y) 
direction, the direction of magnetization within the free magnetic layer 104 will change from X towards the 
direction of Y. Therefore, an electric resistance value changes by the relation between fluctuation of the 
direction of magnetization within this free magnetic layer 104, and the fixed magnetization direction of the 
fixed magnetic layer 102, and the signal field from a record medium is detected by the electrical-potential- 
ditterence change based on this electric resistance value change. 

[0006] By the way, in such a spin bulb mold thin film, it is possible to raise the crystallinity of the hard bias 
layer 105 and to increase a bias field, and becomes easy to perform single domain-ization of the free 
m^?^ yer 10 ^ by for exam P le makin g me bias substrate layers 107, such as Cr, intervene. 
[0007] However by such spin bulb mold thin film of a configuration, the field (this is hereafter called a 
ramp) which inclined towards multilayer 100 top-face 100A of this bias substrate layer 107 intervenes 
among these both sides by the thing of a configuration of having formed the bias substrate layer 107 for 
example. Therefore if the thickness of this bias substrate layer 107 is thick, the bias field which acts'on the 
free magnetic layer 104 from the hard bias layer 105 will be able to weaken under the effect of the ramp of 

are noTacquired* 6 ^ ^ ^ reaS ° n ' SeCmGd and g °° d educing characteristics 

[0008] On the other hand, when the thickness of this bias substrate layer 107 is thin, an unnecessary 
switched connection field is produced between the antiferromagnetism layer 101 and the hard bias layer 
105, and there is a possibility that the orthogonality of the magnetization direction of the antiferromagnetism 
layer 101 and the magnetization direction of the hard bias layer 105 may be mutually spoiled for bottf 
magnetization in response to effect. 

[0009] Moreover, in such a spin bulb mold thin film of a configuration, in drawing 14 , field 105A (it is 



hereafter called a ramp) toward which the hard bias layer 105 inclined adjoins side-face 100B toward which 
the multilayer 100 inclined, and it runs aground to it, and since only ramp 105 A especially tapered off and 
made into the both sides of the free magnetic layer 104 adjoins, there is a possibility that sufficient bias field 
for the free magnetic layer 104 cannot be impressed. That is, since flat field 105B (it is hereafter called a flat 
part) of the hard bias layer 105 adjoins the free magnetic layer 104 and is not arranged, sufficient bias field 
for the free magnetic layer 104 will not be able to be impressed, but a Barkhausen noise will be produced. 
[0010] Then, this invention aims at offering the suitable spin bulb mold thin film for reservation and narrow- 
track-izing and its manufacture approach of stabilization of reproducing characteristics in view of the above- 
mentioned situation. 
[0011] 

[Means for Solving the Problem] The multilayer which carried out the laminating of the spin bulb mold thin 
film of this invention to order to the truck field including the antiferromagnetism layer, the fixed magnetic 
layer, the nonmagnetic conductive layer, and the free layer at least and which demonstrates a magneto- 
resistive effect, Carried out the couple laminating to order from the bottom to the both-sides field located in 
the both sides across said truck field. When it is the spin bulb mold thin film equipped with the 1st hard bias 
layer, the 2nd hard bias layer, and an electrode layer at least and said multilayer sees from an opposed face 
with a record medium While presenting the whole rough convex shaped which has the base located in the 
lower part of the direction of a laminating, and the lobe by which the laminating was carried out on said 
base including said free magnetic layer and forming and arranging said 1st hard bias layer in the both-sides 
field of said base While contacting the both-sides field of said lobe directly in the both-sides side of a free 
magnetic layer, forming and arranging said 2nd hard bias layer and arranging the direction of the top face of 
the flat part of said 2nd hard bias layer more nearly up than the top face of said free magnetic layer The 2nd 
hard bias layer by which the direction of the underside of said flat part has been caudad arranged, and was 
formed in the both-sides field of said lobe rather than the underside of a free magnetic layer is characterized 
by carrying out a laminating so that the 1st hard bias layer formed in the both-sides field of said base may be 
contacted. 

[0012] In said base, it is desirable that all the antiferromagnetism layers and a part of fixed magnetic layer 
[ at least ] are contained at least. 

[0013] It is desirable to prepare a bias substrate layer in the bottom of said 1st hard bias layer. 

[0014] It is desirable to include the crystal in which [21 1] or [200] sides carried out orientation to the film 

surface perpendicular direction at least by said bias substrate layer consisting of Cr. 

[0015] It is desirable that at least one side is a CoPt alloy or a CoCrPt alloy among said 1st and 2nd hard 

bias layers. 

[0016] It is desirable that it is the configuration in which said CoPt alloy or the CoCrPt alloy included the 
crystal in which [002] sides carried out orientation to the film surface perpendicular direction at least. 
[0017] It is desirable that said CoPt alloy or a CoCrPt alloy is the configuration in which [002] sides carried 
out precedence orientation to the film surface perpendicular direction. 

[0018] It is desirable that [002] sides are carrying out precedence orientation including the crystal in which 
[100] and [002] sides carried out [ said CoPt alloy or the CoCrPt alloy ] orientation to the film surface 
perpendicular direction at least. 

[0019] It is desirable that the BAKKUDO layer which consists of a nonmagnetic electrical conducting 
material on the free magnetic layer in said multilayer is formed. 
[0020] The specular reflection layer may be formed in said multilayer. 

[0021] The configuration which carried out the laminating of the 1st free magnetic layer, a nonmagnetic 
interlayer, and the 2nd free magnetic layer to order from the bottom is sufficient as said free magnetic layer. 
[0022] The configuration which carried out the laminating of the 1st fixed magnetic layer, a nonmagnetic 
interlayer, and the 2nd fixed magnetic layer to order from the bottom is sufficient as said fixed magnetic 
layer. 

[0023] Moreover, the manufacture approach of the spin bulb mold thin film this invention The multilayer 
which carried out the laminating to order to the truck field including the antiferromagnetism layer, the fixed 
magnetic layer, the nonmagnetic conductive layer, and the free layer at least and which demonstrates a 
magneto-resistive effect, Carried out the couple laminating to order from the bottom to the both-sides field 
located in the both sides across said truck field. It is the manufacture approach of the spin bulb mold thin 
film equipped with the 1st hard bias layer, the 2nd hard bias layer, and an electrode layer at least. Leave the 
multilayer of said truck field and it removes to a part of lower gap layer of the both-sides field. After 
carrying out the laminating of the 1st hard bias layer to said both-sides field removed on both sides of the 
multilayer of said truck field, The free magnetic layer of said multilayer is deeper than the depth by which 



the laminating was carried out, and it pretreats by removing a lateral portion and both-sides field including 
the side face adjacent to the both-sides field of said multilayer. Then, it is characterized by contacting the 1st 
hard bias layer and making the lateral portion and both-sides field of a multilayer which were shaved off 
carry out the laminating of the 2nd hard bias layer. 

[0024] Moreover, it is desirable that all the antiferromagnetism layers and a part of fixed magnetic layer [ at 
least ] are contained at least by this manufacture approach in said base. 

[0025] By this manufacture approach, moreover, said 2nd hard bias layer While the top face of the flat part 
estranged from the ramp which touches the side face of a free magnetic layer is arranged rather than the top 
face of a free magnetic layer in an upper part location The underside of a flat part is caudad arranged rather 
than the underside of a free magnetic layer, it contacts the side face of said lobe directly under this 2nd hard 
bias layer, and the 1st hard bias layer formed at the process before the membrane formation process of said 
2nd hard bias layer is formed. 

[0026] Moreover, it is desirable to prepare a bias substrate layer in the bottom of said 1st hard bias layer by 
this manufacture approach. " 
[0027] Moreover, it is desirable that said bias substrate layer consists of Cr by this manufacture approach, 
and [21 1] or [200] sides are carrying out orientation to the film surface perpendicular direction at least. 
[0028] Moreover, as for at least one side of said 1st and 2nd hard bias layers, by this manufacture approach, 
it is desirable to consist of either a CoPt alloy or a CoCrPt alloy. 

[0029] Moreover, as for said CoPt alloy or a CoCrPt alloy, by this manufacture approach, it is desirable to 
include the crystal in which [002] sides carry out orientation to a film surface perpendicular direction at 
least. 

[0030] Moreover, as for said CoPt alloy or a CoCrPt alloy, by this manufacture approach, it is desirable that 

[002] sides are carrying out precedence orientation to the film surface perpendicular direction. 

[003 1] Moreover, as for said CoPt alloy or a CoCrPt alloy, by this manufacture approach, it is desirable that 

[002] sides are carrying out precedence orientation including the crystal in which [100] and [002] sides carry 

out orientation to a film surface perpendicular direction at least. 

[0032] The BAKKUDO layer may be formed in said multilayer. 

[0033] The specular reflection layer may be formed in said multilayer. 

[0034] The configuration which carried out the laminating of the 1st free magnetic layer, a nonmagnetic 
interlayer, and the 2nd free magnetic layer to order from the bottom is sufficient as said free magnetic layer. 
[0035] The configuration which carries out the laminating of the 1st fixed magnetic layer, a nonmagnetic 
interlayer, and the 2nd fixed magnetic layer to order from the bottom is sufficient as said fixed magnetic 
layer. 
[0036] 

[Embodiment of the Invention] [Operation gestalt of** 1st] drawing 1 hereafter explained about the gestalt 
of implementation of this invention while referring to an accompanying drawing is the sectional view seen 
from the ABS side which is an opposed face with magnetic-recording media, such as a hard disk besides a 
graphic display of the condition in the middle of manufacture of the thin film magnetic head 1 concerning 
the 1st operation gestalt of this invention. The magneto-resistive effect component 2 of the bottom product 
spin bulb mold which is a kind using giant magneto-resistance of a GMR (giant magnetoresistive) 
component is used for this thin film magnetic head 1 . 

[0037] This thin film magnetic head 1 is formed in the trailing side edge section of the floatation type slider 
formed in the hard disk drive unit besides a graphic display etc., and detects the record MAG information 
currently recorded on the magnetic-recording medium by super-high density. Here, the migration direction 
of magnetic-recording media, such as a hard disk, is the direction of a laminating (Z), and the direction of 
the signal field from this magnetic-recording medium is the height (Y) direction. In addition, although this 
thin film magnetic head 1 is used as the magnetic head for playback, on this thin film magnetic head 1 (Z 
direction), the laminating of the inductive head for record may be carried out. 

[0038] In drawing 1 , the substrate 12 located in the lowest layer is formed with ceramic ingredients, such as 
alumina titanium carbide (AlTiC). On this substrate 12, the protective layer besides a graphic display 
(undershirt coat) is formed. This protective layer is formed with the alumina (aluminum 203) etc. 
[0039] The lower shielding layer 13 is formed on the protective layer. This lower shielding layer 13 is for 
performing magnetic shielding to the lower part side of the magneto-resistive effect component 2, and is 
formed with the magnetic material. 

[0040] Furthermore, the lower gap layer 14 is formed in the upper part of this lower shielding layer 13. This 
lower gap layer 14 is for securing the electric insulation between the electrode layers 34 and the lower 
shielding layers 13 which are mentioned later, and the alumina (aluminum 203) is used as an ingredient. 



[0041] And the magneto-resistive effect component 2 is formed in the top face alpha of this lower gap layer 
14 (forming face of a magneto-resistive effect component). 

[0042] For this magneto-resistive effect component 2, it has the multilayer 20 which demonstrates the 
magneto-resistive effect of a configuration of being called the thin film of a bottom product spin bulb mold. 
[0043] This multilayer 20 is made to carry out the laminating of the seed layer layer 21, the 
antiferromagnetism layer 22, the fixed magnetic layer 23, the nonmagnetic conductive layer 24, the free 
magnetic layer 25, the BAKKUDO layer 26, and the protective layer 27 to order from the bottom. The width 
method of 20d of this top face constitutes the measurable width of recording track (Tw2) from this 
multilayer 20 optically. 

[0044] Although explained in full detail behind, after this multilayer 20 forms each class on the forming face 
alpha of the magneto-resistive effect component 2 first, it forms the resist film Rl (refer to drawing 6 and 
drawing 7 ) for the 1st lift off in 20d of top faces of the center section of this multilayer 20, and etches and 
removes the field (it is hereafter called a both-sides field) of the both sides of the multilayer 20 which is not 
covered with this 1st resist film Rl by ion milling etc. 

[0045] In this case, the resist film R2 (however, the 2nd resist film R2 is smaller than the 1st resist film Rl 
0.2-0.4 micrometers) further for the 2nd lift off is formed, and it etches again. For this reason a multilayer 
20 can be formed in whole rough convex shaped as shown in drawing 1 . 

[0046] In the outline cross section shown in drawing 1 when this multilayer 20 looks at the height direction 
from an ABS side side The base B where only the part which is equivalent to step side 20b in the direction 
lower part of (Laminating Z) is prolonged in the width-of-recording-track (X) direction While having the 
structure of having the lobe C on this base B and containing a part of seed REIA layer (substrate layer) 21, 
antiferromagnetism layer 22, and fixed magnetic layer 23 in Base B Most, the nonmagnetic conductive layer 
24, the free magnetic layer 25, the BAKKUDO layer 26, and protective layer 27 of the fixed magnetic layer 
23 are contained in Lobe C. 

[0047] The seed layer layer 21 consists of orientation layers (figure abbreviation) formed with the non- 
magnetic material or magnetic material which carried out the laminating to the substrate layer (figure 
abbreviation) on this. In addition, although this seed layer layer 21 may be constituted only from an 
orientation layer formed with the much more non-magnetic material or the much more magnetic material, it 
is more desirable to form the substrate layer, in order to prepare the crystal orientation of an orientation 
layer. 

[0048] As for a substrate layer, it is desirable to form by at least one sort or two sorts or more in Ta 
(tantalum), Hf (hafnium), Nb (niobium), Zr (zirconium), Ti (titanium), Mo (molybdenum), and W 
(tungsten). 

[0049] It is desirable to form especially with high electrical resistance materials on the other hand, although 
an orientation layer is formed by the magnetic material or the non-magnetic material as mentioned above. 
As for this orientation layer, it is desirable to form for example, with a NiFe Y alloy (however, at least one or 
more sorts as which Y is chosen from Cr, Rh, Ta, Hf, Nb, Zr, and Ti). Among these, as for an orientation 
layer, forming with a NiFeCr alloy is more desirable. It is because the precedence orientation of the field 
(111) of this orientation layer can be made to carry out in the direction parallel to an interface with the 
antiferromagnetism layer 22 more appropriately and it is further made to high specific resistance. 
[0050] Moreover, it is possible to control the diversion of river to the seed layer layer 21 of a sense current 
which flows from the electrode layer 34 later mentioned as an orientation layer is high specific resistance. 
Resistance rate of change (deltaMR) can be raised by this, and a Barkhausen noise can be decreased. 
[0051] The antiferromagnetism layer 22 is formed in the top face (the forming face alpha of a magneto- 
resistive effect component) of the seed layer layer 21. Although this antiferromagnetism layer 22 is formed 
from PtMn (platinum manganese) For example, the antiferromagnetism ingredient containing Elements X 
(however, X is one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn, Or 
Element X and an element X' alloy (however, element X') Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, 
P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Sn, Hf, Ta, W, Re, Au, Pb, and 
the inside of rare earth elements « one sort or two sorts or more of elements - it is » it can form with the 
antiferromagnetism ingredient containing Mn. These antiferromagnetism ingredients are excellent in 
corrosion resistance, and moreover, its blocking temperature is also high and they may generate a big 
switched connection field in an interface with the fixed magnetic layer 23 explained below. 
[0052] Next, the fixed magnetic layer 23 is formed on this antiferromagnetism layer 22. Although the fixed 
magnetic layer 23 consists of synthetic ferry pinned layers (SFP) which consisted of the 1st fixed magnetic 
layer 23A, nonmagnetic middle class 23B, and the 2nd fixed magnetic layer 23C, it may be monolayer 
structure. Although 1st fixed magnetic layer 23 A and 2nd fixed magnetic layer 23C are formed for example, 



S« of 1 i : SSSoV 23A and 2nd 

called the so-called forbaZSSn S f ^ SWltched conne <*ion field which it is 

the condition of havin^efsS^tdS m , agn f tic ^3 changes into 

the antiferromagnetism layer 22. After the lamfrSfna Tf mt f rface of th , e fixed magnetic layer 23 and 
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formed by Ta etc. 

[0063] having described above - seed -- a layer - a layer - 21 - from - a protective layer -- 27 - up to - 
each class -- constituting -- having - a multilayer -- 20 -- **** - seed - a layer - a layer - 21 - from - 
antiferromagnetism - a layer -- 22 -- and -- immobilization - a magnetic layer - 23 -- a part -- up to -- 
constituting - a base -- B - the width of recording track - (- X -) - a direction - both sides -- a field - 
two - a - having contmued - the -- one - an inclined plane -- 20 -- a -- forming -- **** . Furthermore 
upwards, both-sides side 2a of the width-of-recording-track (X) direction of Lobe C forms 2nd inclined 
plane 20c which continued to the top face of said protective layer 30 from step side 20b which is the too 
face of this base B. v 
[0064] After a multilayer 20 forms each class on a forming face alpha, using the 2nd resist film R2 for lift 
offs (narrow) which narrowed width of face, the both-sides field of the multilayer 20 which is not covered 

?1 2 C ^ TGS1St fihn R1 etches il by ion millul 8 etc - a g ain . and it is removed from the 1st resist film Rl for 
lift offs (it is broad), and the 1st resist film Rl. Thereby, a multilayer 20 is formed in the whole rough 
convex shaped m_which step side 20b parallel to the width-of-recording-track (X) direction was formed 
between the 1st inclined plane and the 2nd inclined plane when it watches from the ABS side which is an 
opposed face with a magnetic-recording medium. 

[0065] That is, it forms in trapezoidal shape as left a part of seed layer layer 21, and removed all each class 
of the upside, for example, shown in drawing 6 and drawing 7 in the both-sides field of a multilayer 20 In 
this case, the inclination to the forming face alpha of both-sides side 2a of the base B of a multilayer 20 i e 
1st inclined plane 20a, can be formed in a desired include angle by etching and removing the multilayer of " 
this both-sides field for example, by the lift-off method. 

[0066] Thus, in the both-sides field of the multilayer 20 formed in trapezoidal shape, the laminating of the 
bias substrate layer 31, the 1st hard bias layer 32, the 2nd hard bias layer 33, the electrode layer 34 and the 
protective layer besides a graphic display is carried out to order from the bottom, respectively Among these 
as shown in drawing 10 , the 2nd hard bias layer 33 is formed on step side 20b, and it is directly arranged ' 
adjacently to the both-sides field of the free magnetic layer 25 by flat part 33a of the 2nd hard bias layer 33 
Bias field sufficient by making the 2nd hard bias layer 33 into such structure can be impressed now to the 
free magnetic layer 25. 

[0067] in addition, in the both-sides field which sandwiched this multilayer 20 When it sees from the ABS 
side which is an opposed face which attends a magnetic-recording medium, it sets in the direction lower part 
of a laminating. It has the structure of having the both-sides upper part F which carried out the laminating 
and which was prepared on this both-sides base E in the condition of touching from a top step side 20b of 
the both-sides base E prepared in contact with side-face 2a (the 1st inclined plane 20a) of the direction both 
sides of width-of-recording-track (X) of the base B of a multilayer 20, and Base B. Among these, while the 
bias substrate layer 31 and the 1st hard bias layer 32 are contained in the both-sides base E, the 2nd hard 
bias layer 33 and electrode layer 34 are contained in the both-sides upper part F. 

[0068] Moreover, in drawing 10 , in the 2nd hard bias layer 33, although it is the configuration equipped 
with ramp 33b which contacts the side face of the free magnetic layer 25, i.e., inclined plane 20of ** 2nd c 
directly, and is arranged, and flat part 33a prepared in the lower part of this ramp 33b, the top face beta of ' 
this flat part 33a is arranged rather than top-face 25a of the free magnetic layer 25 in an upper part location 
On the other hand, the direction of the underside gamma of this flat part 33a is caudad arranged rather than 
underside 25b of the free magnetic layer 25. In addition, the 2nd hard bias layer 33 of this operation gestalt 
touches the 1st hard bias layer 32 electrically. 

[0069] Drawing 2 is the fragmentary sectional view which expanded only a part for the left flank of the thin 
film magnetic head shown in drawing 1 . As shown in this drawing 2 , in the both-sides field of a multilayer 
20, the bias substrate layer 3 1 , the 1st hard bias layer 32, the 2nd hard bias layer 33, and the electrode layer 
34 are formed from the bottom on the forming face alpha at ranking. 

[ n<?l 0] Jti? C ? ia f substrate la y er 3 1 is not formed between both-sides side 2a (the 2nd inclined plane 
1 Vu ? ° f a multila y er 20 > 2n <* hard bias layer 33 can contact the free magnetic layer 25 in the 

2nd hard bias layer 33 directly, so that this drawing 2 may show. For this reason, the playback output which 
can be made to impress a bias field to the direct free magnetic layer 25 by ferromagnetic association now 
and the switched connection force acted it directly among both sides, and was stabilized can be obtained ' 
now In this case, of course, since the 1st hard bias layer 32 does not contact the antiferromagnetism layer 
mni i ?!7 n0t produ ° e ±e inconvenience that the switched connection force acts, among these both sides 
0071] Moreover, although the bias substrate layer 3 1 consists of flat part 31a formed on the lower gap layer 
14 and ramp 31b formed on this flat part 3 la as shown in drawing 10 , it makes the milling performed to the 
2nd time which used the 2nd resist film R2 have removed the upper part of ramp 31b 



[0072] This bias substrate layer 31 is formed by the metal membrane in which the crystal structure has 
body-centered cubic structure (bcc structure). That is, although it is desirable to be formed by any one sort 
or two sorts or more of elements of Cr, W, Mo, V, Mn, Nb, and Ta, forming by Cr film especially is 
desirable. This Cr film is because it excels in the function to prepare the crystal orientation of the 1st hard 
bias layer 32 and coercive force of the 1st hard bias layer 32 can be enlarged appropriately. 
[0073] Moreover, if the membrane formation include angle theta when forming membranes by IBD from the 
normal of a substrate and the direction of the include angle theta to make forms this bias substrate layer 31 
at 20 degrees (the direction of a normal of a substrate was made into 0 times) when Cr is used, as shown in 
drawing 11 , precedence crystal orientation will be set to (1 10). Moreover, in the bias substrate layer 3 1 
usmg Cr of a body-centered cubic lattice (bcc), if the membrane formation include angle theta is formed at 
50 degrees, for example, as shown in drawing 12 , precedence crystal orientation will be set to (21 1) and 
(200) other than (110). Thus, if the direction (211) of crystal orientation of Cr is included, crystal orientation 
with CoPt which is an example of the 1st hard bias layer 32 will carry out precedence orientation to [100] 
crystal orientation which the c axis of hexagonal CoPt turns to in a field will be included, and the coercive 
force of the 1st hard bias layer 32 can be increased (200). 

[0074] Thus, the reason for forming the bias substrate layer 31 by the metal membrane which has a crystal 
structure and a crystal stacking tendency is for increasing the coercive force of the 1st hard bias layer 32 
formed on this bias substrate layer 3 1 . Moreover, although the crystallinity of the bias substrate layer 3 1 will 
fall to a loan and the crystallinity of the 1st hard bias layer 32 will also fall to it under the effect of the 
crystal orientation of the antiferromagnetism layer 22 when the bias substrate layer 31 is formed on the 
antiferromagnetism layer 22, according to this invention, the antiferromagnetism layer 22 is not formed in 
the bottom of the bias substrate layer 31. Therefore, such a situation can also be prevented. 
[0075] Next, on this bias substrate layer 31, the 1st hard bias layer 32 and the 2nd hard bias layer 33 are 
formed. This 2nd hard bias layer 33 is in the condition that the underside gamma of flat part 33a touches the 
top face of the base B of a multilayer 20, i.e., step side 20b, from a top, and the laminating of it is extended 
and earned out in the width-of-recording-track (X) direction until it touches both-sides side 2a (the 2nd 
mclmed plane 20c) of Lobe C. In addition, the 1st hard bias layer 32 and the 2nd hard bias layer 33 are 
formed with a CoPt alloy, a CoPtCr alloy, etc., respectively. The crystal structure of these alloys serves as a 
mixed phase of face centered cubic structure (fee) and hexagonal close packed structure (hep). 
[0076] Here, since the lattice constant of the structure (hep) of the CoPt system alloy which constitutes the 
bias substrate layer 31 and the 1st hard bias layer 32 which were formed by the metal membrane serves as a 
near value, the crystal structure of the CoPt system alloy of the 1st hard bias layer 32 becomes that it is easy 
to be formed with structure that it is hard to form structure (fee) (hep). At this time, precedence orientation 
of the c axis of structure (hep) is carried out into the interface of a CoPt system alloy. Consequently, since 
structure (hep) produces a big magnetic anisotropy in c shaft orientations compared with structure (fee) the 
coercive force when giving a field to the 1st hard bias layer 32 becomes large. 

[0077] And the 2nd hard bias layer 33 is formed in contact with the 1st hard bias layer 32. This 2nd hard 
bias layer 33 is formed in the condition that the location equivalent to medium D / 2 of that thickness is 
mostly in agreement with mid-position d / 2 of the thickness of the free magnetic layer 25 which has 
Thickness d, if thickness of flat part 33a is set to D as shown in drawing 2 . 

[0078] In addition, since it contacts the 1st hard bias layer 32 which was formed on the bias substrate layer 
3 1 and controlled by desirable crystal orientation, and directly and membranes are formed, the 2nd hard bias 
layer 33 can generate the big bias field stabilized by ferromagnetic association. And since membranes are 
formed by right above [ of the 1st hard bias layer 32 ], or right above [ of the bias substrate layer 31 ], this 
2nd hard bias layer 33 becomes good [ crystal orientation ] under the effect of these layers. 
[0079] Moreover, the electrode layer 34 is formed on this 2nd hard bias layer 33. Generally spatter 
membrane formation of Cr, Au, etc. or Ta film is used for this electrode layer 34. Furthermore on this 
electrode layer 36, the protective layer 37 formed by Ta etc. is formed. 

[0080] On the above magneto-resistive effect components 2 of a configuration, the up gap layer besides a 
graphic display is formed using an insulating material, and, similarly the up shielding layer besides a graphic 
display is formed on this up gap layer using a magnetic material. 

[0081] Thus, in the constituted spin bulb mold thin film, if the stationary current (sense current) is given to 
the fixed magnetic layer 23, the nonmagnetic conductive layer 24, and the free magnetic layer 25 from the 
electrode layer 34 and a field is moreover given in the height (Y) direction from a magnetic-recording 
medium the magnetization direction of the free magnetic layer 25 will change from the width of recording 

ti l • i ?V. l^T? I height (Y) direction - At this time > a lifting and electric resistance change dispersion for 
which it depended on the spin of conduction electron by the interface of the nonmagnetic conductive layer 



24 and the fixed magnetic layer 23, and the interface of the nonmagnetic conductive layer 24 and the free 
magnetic layer 25 between the free magnetic layer 25 and the fixed magnetic layer 23. Thereby, the 
stationary current can change and a playback output can be obtained. 

[0082] in addition - this -- operation -- a gestalt -- **** - a thin film - the magnetic head - one - giant 
magneto-resistance — having used — GMR — a component — a kind — it is — a bottom product — spin — a 
bulb -- a mold -- a magneto-resistive effect -- a component — two - using it — **** - although - in 
addition - for example, - a degree ~ stating - dual ~ spin -- a bulb - a mold - a magneto-resistive effect -- 
a component — two — ' — you may use it . 

[0083] It explains referring to drawing 3 about [the 2nd operation gestalt], next the 2nd operation gestalt of 
this invention. In addition, in this operation gestalt, the same sign is given to the same part as a previous 
operation gestalt, and duplication explanation is avoided. Magneto-resistive effect component T of this 2nd 
operation gestalt It consists of dual spin bulb molds. About this multilayer 20' Unlike multilayer 20' which 
constitutes the above-mentioned topspin bulb mold, a part for a management has the composition that the 
laminating of the nonmagnetic conductive layers 24 and 27, the fixed magnetic layers 23 and 28, and the 
antiferromagnetism layers 22 and 29 was carried out up and down, focusing on the free magnetic layer 25 
from the seed layer (substrate layer) 21. Moreover, the fixed magnetic layer 23 and the fixed magnetic layer 
28 are divided by two-layer through the nonmagnetic interlayer among these each class, respectively. 
[0084] That is, this multilayer 20' has carried out the laminating of the seed layer (substrate layer) 21, the 
antiferromagnetism layer (below) 22, the fixed magnetic layer (below) 23, nonmagnetic conductive layer 24 
(below) A, the free magnetic layer 25, nonmagnetic conductive layer 24(above) B, the fixed magnetic layer 
(above) 28, the antiferromagnetism layer (above) 29, and the protective layer 27 to order from the bottom. 
[0085] Among these, it comes to carry out the laminating of the lower fixed magnetic layer 23 to order with 
1st fixed magnetic layer 23 A, nonmagnetic interlayer 23B, and 2nd fixed magnetic layer 23C from the 
bottom. The free magnetic layer 25 comes to carry out the laminating of the 1st ferromagnetic layer 25 A 
which consists of Co alloys, such as ferromagnetic layer 25B, the 3rd Co or CoFe set to 2nd ferromagnetic 
layer 25C which becomes order from Co alloys, such as Co or CoFe, and CoFeNi, from NiFe etc., and 
CoFeNi, from the bottom. 

[0086] On the other hand, the upper fixed magnetic layer 28 comes to carry out the laminating of 2nd fixed 
magnetic layer 28C, nonmagnetic interlayer 28B, and the 1st fixed magnetic layer 28A to order from the 
bottom. These are formed with the same ingredient as the lower fixed magnetic layer 23. In addition, upper 
nonmagnetic conductive layer 24B is the same ingredient as lower nonmagnetic conductive layer 24A, and 
the upper antiferromagnetism layer 29 is formed with the same ingredient as the lower antiferromagnetism 
layer 22. 

[0087] In addition, it has the structure of having the lobe C on the base B where this multilayer 20' is also 
prolonged in the width-of-recording-track (X) direction in the lower part of the direction of a laminating (Z) 
in the outline cross section shown in drawing 1 seen from the ABS side side which is an opposed face with a 
magnetic-recording medium, and this base B. While most of seed layers (substrate layer) 21, 
antiferromagnetism layers (below) (below) 22, and fixed magnetic layers 23 are contained, in this base B 
and to Lobe C (Below) Part and nonmagnetic conductive layer 24(below) A, the free magnetic layer 25, 
nonmagnetic conductive layer 24(above) B, the fixed magnetic layer (above) 28, the antiferromagnetism 
layer (above) 29, and protective layer 27 of the fixed magnetic layer 23 are contained. 
[0088] furthermore, in the both-sides field which sandwiched this multilayer 20 f When it sees like the 1st 
operation gestalt from the ABS side which is an opposed face which faces a magnetic-recording medium 
While the direction of a laminating sets caudad and being located in the both sides of the width-of- 
recording-track (X) direction of the base B of multilayer 20', both-sides side 2a and the both-sides base E 
especially prepared in contact with 1st inclined plane 20a While carrying out a laminating in the condition 
of touching step side 20b of Base B from a top, it has both-sides side 2a and the structure of having the both- 
sides upper part F especially prepared in contact with 2nd inclined plane 20c. Among these, while the bias 
substrate layer 31 and the 1st hard bias layer 32 are contained in the both-sides base E, the 2nd hard bias 
layer 33 and electrode layer 34 are contained in the both-sides upper part F. 

[0089] With this operation gestalt, moreover, in the 2nd hard bias layer 33 A ramp (the field of 33b is 
equivalent to this at drawing 1 ) is not formed, but it is the configuration of only a flat part (the field of 33a 
is equivalent to this at drawing 1 ). While the field beta is besides arranged rather than top-face 25a of the 
free magnetic layer 25 in an upper part location, this underside gamma is caudad arranged rather than 
underside 25b of the free magnetic layer 25. In addition, the 2nd hard bias layer 33 of this operation gestalt 
also touches the 1st hard bias layer 32 electrically. Moreover, the 2nd hard bias layer 33 contacts the side 
face of the free magnetic layer 25, i.e., inclined plane 20of ** 2nd c, directly, is arranged, and can impress 



sufficient bias field for the free magnetic layer 25. 

[0090] Next, the manufacture approach of the thin film magnetic head shown in drawing 1 is explained, 
referring to drawing 4 thru/or drawing 10 . In addition, each drawing is a fragmentary sectional view seen 
from the opposed face (ABS side) side with a record medium. 

[0091] (1) First, as shown in drawing 4 , carry out the laminating of the protective layer (undershirt coat) 
with the alumina besides a graphic display (aluminum 203) etc. on the substrate 12 which consists of 
ceramic ingredients, such as Al Chick (alumina titanium carbide, AlTiC). 

[0092] (2) Next, while forming the lower shielding layer 13 on this protective layer (undershirt coat), form 
the lower gap layer 14 by the high ceramic of electric insulation, for example, an alumina etc., (aluminum 
203) on this lower shielding layer 13. 

[0093] (3) Next, as shown in drawing 5 , form the multilayer 20 which constitutes the magneto-resistive 
effect component 2 of the bottom product spin bulb mold which is a kind using giant magneto-resistance of 
a GMR (giant magnetoresistive) component the whole surface on the lower gap layer 14. 
[0094] In the case of the spin filter type bottom product spin bulb mold magneto-resistive effect component 
2, specifically, this multilayer 20 forms the antiferromagnetism layer 22 first formed in the top face alpha of 
the lower gap layer 14 with the seed layer layer 21, the PtMn alloy, etc. about each class which constitutes 
this multilayer 20. Furthermore, the protective layer 27 formed by the free magnetic layer 25, the 
BAKKUDO layer 26, Ta, etc. which were formed with the nonmagnetic conductive layer 24 formed by the 
fixed magnetic layer 23 formed with magnetic materials, such as a NiFe alloy, on this antiferromagnetism 
layer 22, Cu, etc., the NiFe alloy, etc. is formed. 

[0095] In addition, a proper location is made to carry out the laminating of the specular reflection layer in a 
spin speculer type case. Moreover, when this multilayer 20 is multilayer 20' of a dual bulb mold, after 
making order carry out the laminating of each class from the antiferromagnetism layer 22 to the free 
magnetic layer 25 from the bottom on the seed layer layer 21, order is made to carry out the laminating of 
nonmagnetic conductive layer 24B, the fixed magnetic layer 28, and the antiferromagnetism layer 29 from 
the bottom further on the free magnetic layer 25. Moreover, instead of the fixed magnetic layer of a three- 
layer ferry PINDO mold, the fixed magnetic layer of a monolayer is sufficient and the free magnetic layer of 
a monolayer is sufficient instead of the free magnetic layer of a three-layer ferry free mold. 
[0096] (4) Thus, in order to form the substrate layer 31 and the 1st hard bias layer 32 in the both-sides field 
which are the both sides of a width-of-recording-track Tw field if a multilayer 20 is formed all over the 
lower gap layer 14 next, As shown in drawing 6 , it masks by applying the 1st resist film Rl for the lift offs 
of a broad configuration to the area of the multilayer 20 corresponding to the 1st truck field (Twl) among 
the formed multilayers 20. 

[0097] (5) And etching (ion-beam etching), for example, IBE etc., removes, for example, the area, i.e., the 
both-sides field, other than the truck field (Twl). thus, the thickness of the lower gap layer 14 under the seed 
layer layer 21 which is the lowest layer of a multilayer 20 as a both-sides field is shown in drawing 6 - it 
removes to an interstitial segment mostly. That is, etching processing of the ion milling method etc. removes 
m the both-sides field of a multilayer 20 till the place below the top face (the forming face alpha of a 
magneto-resistive effect component) of the lower gap layer 14. Thereby, the left-behind multilayer 20 serves 
as an inclined plane where both-sides side 2a continued to the top face, and a multilayer 20 serves as 
trapezoidal shape mostly. 

[0098] (6) Thus, if the multilayer 20 of a both-sides field is removed next, at the process shown in drawing 
7 , spatter membrane formation of the bias substrate layer 31 and the 1st hard bias layer 32 will be carried 
out [ the removed hollow which is the both-sides field of a multilayer 20 ] from the bottom at predetermined 
thickness at order. In addition, the 1st resist film Rl for the above-mentioned lift offs is formed in the truck 
field across which it faced in the both-sides field on a multilayer 20, and since the fixed include angle theta 
is made to lean and form sputtered particles, the ramp which inclined toward a flat part and (turning to the 
topmost part of both-sides side 2a of a multilayer 20) the upper part is formed about each class, respectively. 

[0099] Especially, in the case of the spatter of the bias substrate layer 31, a membrane formation include 
angle is made to fully incline, for example, spatter membrane formation is carried out at the membrane 
formation include angle of 50 degrees or more. Thereby, big holding power (He) is acquired by the 1st hard 
bias layer 32 which forms membranes right above [ of it ] so that it may mention later. 
[0100] The bias substrate layer 31 can choose any one or more sorts in Cr, W, Mo, V, Mn Nb and Ta 
Among these, it is desirable to form the bias substrate layer 3 1 by Cr film. The 2nd hard bias layer 32 forms 
membranes with a CoPtCr alloy etc. In addition, to the perpendicular direction (graphic display Z direction) 
of a forming face alpha, the bias substrate layer 3 1 and the 1 st hard bias layer 32 have theta (membrane 



formation include angle theta) whenever [ sputtered-particles incident angle ], and spatter membrane 
formation is carried out. As for this membrane formation include angle theta, it is specifically desirable that 

JnW? l e ^ ee \ 0r leSS at 30 degrees ° r more - 11 is 60 degrees or less at 40 degrees or more more preferably 
101 01 J (7) Further, as shown m drawing 8 , alignment is carried out to the center section of the top face of a 
multilayer 20, and while forming the resist film R2 for the 2nd lift off with width efface narrower than the 
resist film Rl for the 1st lift off, ion milling etc. performs pretreatment milling of the hard bias layer 32 (this 
is equivalent to the 1st hard bias layer 32). In addition, the width-of-recording-track (X) lay length L2 of the 
2nd resist film R2 is formed smaller about 0.2-0.4 micrometers than this lay length LI of the 1st resist film 

[0102] In this case, about the depth (Z) direction, as a broken line shows, for example, exaggerated etching 
is shallowly performed by Fukashi who is extent in which a part of fixed magnetic layer 23 remains and a 
both-sides field is removed till the place of 100A of the abbreviation for the thickness of the flat part of the 
hard bias layer 32. Moreover, about the width-of-recording-track (X) direction, as a broken line shows for 
example, even the place of 0.2 micrometers of the abbreviation for the die length of 20d of top faces of a 
multilayer 20 (the 1st width of recording track Twl) is removed. Thereby, the multilayer 20 as shown in 
drawee 9 is formed in rough convex shaped [ which has an one step step ]. That is, this forms in a 
multilayer 20 the base B which consists of a part of seed layer layer 21, antiferromagnetism layer 22 and 
tree magnetic layer 23, and the lobe C which projected crosswise [ truck ] (the direction of X). 
[0103] (8) Next, in drawin g 10 , carry out spatter membrane formation by IBD (ion beam DEPOJISSHON) 
etc so that the 2nd hard bias layer 33 may contact the free magnetic layer 25 directly by side-face 2a of a 
multilayer 20, especially 2nd inclined plane 20c. The membrane formation include angle at this time is 20 
degrees. As shown in drawin g 2 , the location of D/2 which is the one half of the thickness D of flat part 33a 
forms the 2nd hard bias layer 33 at this time in the condition that abbreviation coincidence is carried out 
with the location of d/2 which is the one half of the thickness d of the free magnetic layer 25 
[0104] Smce the depth which removes a both-sides field (the bias substrate layer 31 and 1st hard bias layer 
32) by pretreatment milling is made shallow when forming this 2nd hard bias layer 33, it is avoidable that 
flat part 33a of the 2nd hard bias layer 33 can make the free magnetic layer 25 contact by sufficient 
thickness now, and ramp 31b of the bias substrate layer 31 contacts the free magnetic layer 25 
[0105] (9) As shown in drawing 10 from the 2nd hard bias layer 33 after that, carry out the laminating of the 
part for a management. 6 
[0106] (10) Next, carry out the laminating of the up gap layer besides a graphic display by the high ceramic 
of electric insulation, for example, an alumina etc., (aluminum 203) on a multilayer 20 and the electrode 
layer 34. Furthermore, if the up shielding layer besides a graphic display etc. is formed the same on this the 
thin film magnetic head 1 shown in drawing 1 will be completed. 
[0107] F 

[Example] Next, when a spin bulb mold thin film was formed according to the manufacturing method 
mentioned above, the angle of incidence theta of the sputtered particles when carrying out spatter membrane 
iormation by the ion beam spatter method (membrane formation include angle) was changed at the 
membrane formation process shown in drawing 7 , and the experiment which investigates the crystal face 
which carries out orientation to the film front face by X-ray analysis (XRD) about Cr film which is the bias 
substrate layer 31 then obtained was conducted. The result at that time is shown in drawing 1 1 and drawing 

[0108] Drawings is a result when carrying out incidence of the sputtered particles from the include angle 
of 50 degrees to the direction of a normal of the front face of Si substrate, and forming Cr film the result 
when drawing 1 1 carrying out incidence of the sputtered particles from the include angle of 20 degrees to 
mi™™™ ° f anormal of toe front face of the substrate (Si substrate) which used Si, and forming Cr film. 
[0109] When incidence of the sputtered particles is carried out at the membrane formation include angle of 
20 degrees and Cr film is made to form as shown in drawing 1 1 , it turns out that a field (1 10) is only seen 
and that the crystal face which carries out orientation to the film front face of obtained Cr film is On the 
other hand, when a membrane formation include angle is made into 50 degrees, as shown in drawing 12 it 
turns out that a field and a field (211) are also found out (200) in the crystal face which carries out ' 
orientation to the film front face of obtained Cr film. In addition, Cr film which constitutes a bias substrate 
A^fx? 18 C l Se ^ S z™™ 1 ^, and the crystal structure is body-centered cubic lattice (bec) structure. 
[01 10] Next, the X diffraction investigated the crystal face which uses the ion beam spatter method on Si 
substrate, carries out spatter membrane formation of Cr film which constitutes the bias substrate layer 31 
and the two-layer film of the CoPt film which constitutes the 1st hard bias layer 32, and carries out 
orientation to the film front face of the CoPt film. The result at this time is shown in drawing 13 . In 



fafejSS?"* ^ fllm ' f0miati0n inCludC ° f S * Uttered P-tide. was changed 

£L 1 rli I /^^l brane ion , include «&* of Cr film which is the bias substrate layer 31 is gradually 

* tS!t 58ST5 (a ^ 50 d T 668 ? Sh ° WS) ' 60 de ^ ees < c shows )« «d 70 degrees (d snS 

so that the graph of this drawing 13 may show The peak intensity of [002] of the 1st hard bSs laver £ 

Sfrfl TT Sma1 ' ^ ° Ut at reverse * e Peak intensity o [ Oojblome sZj That 
is the surface crystal onentation of the CoPt film which is the 1st hard bias film 32 chanlTeron Tm091 
sides to [100] sides. That is, as for the surface crystal orientation of the CoPt fiSri c axSanTeTfrom fil m 
Z ZZT* ° nentatlon i° orientation ^ film surface side. Moreover', mTcoercTfo^ 

mi f 2 fJL fllm f mcreases f adua "y to 1700 (Oe), 2140 (Oe), 2385 (Oe), and 2460 (Oe) m Ss cLe ^° 

[0113] 

[Effect of the Invention] As explained above, according to this invention the flat Dart of thP ?nH wh w. 

SSSd^^iK ^ ^ C ^ ^ if * PUtS ^ hafd'Til^er 

bU T can be mad f to contact a magnetic layer now and that part and a big bias field can be 
unpressed to a free magnetic layer, good reproducing characteristics can be acquired. § 
[0 14] Moreover, since according to this invention it can prevent contacting dfrectly between an 
antiferromagnetism layer and the 2nd hard bias layer even if it does not mJe a Wai subSe kver 
^ ene 'S ne ^ n8 ° f m ™«««y switch ed connection field can be prevented a^oSese and the 

3SSS2 i^xss direction ofan - if — m ^ an d the :ss on 

wLVfJ F ^ h v f. rmo 5 e ' fording to this invention, big coercive force comes to be acquired by the 1st hard 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the condition when seeing the spin bulb mold thin film 
concerning the 1st operation gestalt of this invention from an ABS side. 

[Drawing 2] It is the important section sectional view of the spin bulb mold thin film shown in drawing 1 . 
[Drawing 3] It is the sectional view showing the condition when seeing the dual spin bulb mold thin film 
concerning the 2nd operation gestalt of this invention from an ABS side. 

[Drawing 4] It is the sectional view showing the manufacture approach of the spin bulb mold thin film 
shown in drawing 1 in order of a process. 

[Drawing 5] It is the sectional view showing the manufacture approach of this spin bulb mold thin film in 
order of a process. 

[Drawin g 6] It is the sectional view showing the manufacture approach of this spin bulb mold thin film in 
order of a process. 

[Drawin g 7] It is the sectional view showing the manufacture approach of this spin bulb mold thin film in 
order of a process. 

[Drawin g 8] It is the sectional view showing the manufacture approach of this spin bulb mold thin film in 
order of a process. 

[Drawing 9] It is the sectional view showing the manufacture approach of this spin bulb mold thin film in 
order of a process. 

[Drawing 10] It is the sectional view showing the manufacture approach of this spin bulb mold thin film in 
order of a process. 

[Drawing 11] It is the graph which shows the X-ray-analysis result at the time of forming Cr film at the 
membrane formation include angle of 20 degrees. 

[Drawing 12] It is the graph which shows the X-ray-analysis result at the time of forming Cr film at the 
membrane formation include angle of 50 degrees. 

[Drawing 13] It is the graph which shows the X-ray-analysis result of a Cr/CoPt cascade screen. 
[Drawin g 14] It is drawing which looked at this spin bulb mold thin film formed by the conventional 
manufacture approach from the ABS side. 
[Description of Notations] 

12 Substrate 

13 Lower Shielding Layer 

14 Lower Gap Layer 

2 Magneto-resistive Effect Component 
2a Both-sides side 

20 20' Multilayer 

20a The 1st inclined plane (both-sides side) 
20b Step side 

20c The 2nd inclined plane (both-sides side) 
20d Top face 

21 Seed Layer Layer 

22 Antiferromagnetism Layer 

23 Fixed Magnetic Layer 

24 Nonmagnetic Conductive Layer 
24A Nonmagnetic conductive layer 
24B Nonmagnetic conductive layer 

25 Free Magnetic Layer 



26 BAKKUDO Layer 

28 Fixed Magnetic Layer 

29 Antiferromagnetism Layer 

31 Bias Substrate Layer 
3 la Flat part 

31b Ramp 

32 1st Hard Bias Layer 

33 2nd Hard Bias Layer 
33a Flat part 

33b Ramp 

34 Electrode Layer 
alpha Forming face 

beta Top face of the 2nd hard bias layer 
gamma Underside of the 2nd hard bias layer 
B Base 
CLobe 

E Both-sides base 

F Both-sides upper part 

Rl 1st resist (double width) film for lift offs 

R2 2nd resist (narrow-width) film for lift offs 

Twl The 1st width of recording track 

Tw2 The 2nd width of recording track 

X Truck cross direction 

Y The height direction 

Z The direction of a laminating 
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g, Cd, Sn, Hf, Ta, W, Re, Au, Pb« 

s) kMn*%mT*Rmmmm\ziL*>mi$.-rz>z\b 

[0 0 5 2] r»saSWt!feJi2 2«J±u:B:H^» 

tti2 3*J»fifeS*l-rv^«. BJtBStxJf 2 3 14, $1C 

^Stti2 3 C-CfcfifcSftfcS^-fc?^ j/i? 7x y fc°>- 
KS (SFP) -C*j*SnTl^*s. ¥S«5tT-fooT 
t>4l\ BS1 V>mi&BmM2 3AJS±15*2 Ol£Stt 
S2 3CI4, MAtfC o F e ^^Sllt^SiS, 
C o^, N i F e£-&, C o N i F e-g-fe, C o F e -g- 
ft4^-^»/ftb-Ct)J:v\ ft*i, »ttffli2 3B 
14, Ru, Rh, I rt£if<omWT'}&f8.£tlX\,^ 0 
[0 0 5 3] Z<D3mffi)&iZ£*)^ Il(«tti23A 

$*iS 0 cnj4V>*>^57^ yjKtt^flgiri^rfttSfcW 
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SfcB£ttttJ| 2 3 i£3UB£t<fcJf 2 2 iWMfitf 

tti2 3^as$}ifct > h^rrfe] (El^YTjfo) — 
oa»«t>r =-ynSr*i-c t-e, BftBttJi 2 3 ts&k 
m&m 2 2 t<r>ftmx'&±-i-z?smm&mmz2i *> , m 

mmM2 SffiWOMs^ (BI^Y^lfi]) irSSEl 

[0054] r osfttttt /■ 2 3 <o±i;ii#itt$ii 

2 4*5^$n-CV>5 0 i 0#BS&fe>»mJf 2 4 14, {BJx. 
10 14 C u ft if (om^in<oi& v WU&tmi:: 4 otMJ 

[0055 ] ffilB&ttteWBJI 2 4 W±^(47 y 

-8S14J12 5tmf8.Ztl&o Z.<D-7»—M&m2 5J4, 
NiFeM, CoFe^, Co, CoNiFe^4 
t£}£lz£<Qtef&&nZ> 0 r©7!J-I|4i2 5 

(4, #HteW**2 4fc»fl-rsraK:Cr XttCoBtfc 
«S&fcfM*-Cfc.fcV\, m^4»3, #©!t£ig®Jf 2 4 i 

(A GMR ) Sr±^<-T5 Ct/4ST-#S 0 
20 [0 0 5 6 ] fttJ, i®7 JJ -i&ttg 25i LTI4, % 

ISrttS ->ytr-f 7^ 7x !J 7 y- (SFF) «Ji£ 

w»^-tc(4, ^iro7y-ai4sst>'m2c7?7y-fiatt 

Jlt-14, ^rix-eix^SOt. ©ffcc-C, CoFeNi-g- 
Ru, Rh, I rftifWi^i: UT«ffi^ISBT-fe5/i5R 
[0057] mtc:4>5, mmtz s Il©7i;-ttti 

30 &o^2<o:7y-^^cD^i;i4sw;:sw<!: 

y -fiSf4S ro^««3ftJ8SJ|[ < Mf&T- # S . ^ co^ 
*, 7tf-»|tiO»fc|4, IlS^2(DKtti^ 

g|5a#{^LS¥^fSr«^ft^c>SteL J ? : >-r<ftt>, W 
2 3SO { 7y-^t4^2 5tf5£*>e,*>— 

[0058 ) ftll, •7 9—W&M2 5<D±lZte, rtyt 
K/f 2 6tmf&ZtlX\^ 0 . Kg 2 6 (4, 0IJ 

40 £14, Cu«©^|«iK»*»*t*«tt-»*»e>ft5/A 
u, Ag, C u*»5)45#*t)SK$^fc*i-W»t>*^ 
t5:tijst*5. Z.9>*y9 YM2 6 td «t t> , IKftS 

SMi;f4t57 7 7^ trv(jm*i#^trv ; up sP i 

n)(Z?ffi^-fC*J»t5¥*9g*XS(mean free path) $r@(4 
L, 0rfl^ \f^y<i/\>9 — (spin filter effect) 
(£49, * f >^Vuy^»J0l9it^;i:}c;^T, 7*C^ft A R 

ft So 

[00 5 9 ] ft*3, rcO/< v 9 YM 2 6«±|:iffiglt 

50 m&mmz~ttxi>£\<\ z.<oxo^m^.-rtn£, ^t°v 
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7 4**-%mkm*$\Z % iglffiSW^* (specular effe 
^^^^(Tf^^^t: 0 V ; down spin) (DfcmM^b <D¥~ 

[00 6 0] &4b\ ^ffiS*tS*«^-r-5*fi^W^^ L 
TI4, a-Feid, NiO, CoO, Co— Fe- 
O, Co-Fe-Ni-O, AhO«, Al — Q — O 10 

(^wT% Qlt B, Si, N, Ti, V, Cr, M 
n, Fe, Co, N i 1 M£X±<Dm 

* R-O RJ4, Ti, V, C r, Zr, 

Nb, Mo, Hf % Ta, WjS»fc»ft<SftS 1«K±W 
J^) %f<Dmm, Al-N, AL-Q-N (r 
QI4, B, S i, N, Ti, V, Cr, Mn, Fe, C 
o, Ni^feMShSiaHl^) , R-N (Z 
ZX\ R|4, Ti, V, Cr, Zr, Nb, Mo, H 
f, Ta, Wrt»fe3W*$jh,5 1U£1±.<DJ%T) Kk*<Dg. 

t**m if % r <h * 0 20 

[00 6 1 ] C^T% ^©SttS^LT, a-Fe,0, 
*N i 04^©SSM«***rfflv^fc»^, ttiEKJMK: 
<fcoT, '^T*m<»— SB. 4fctt^**ft;ta*::ias 

i"5^i:^-et> NiMnSb, PtMnS b^^fix 

vmrzmttoniz* +#&#^ 

+^*«BRIta**Sr»5^ t*-e*5. 30 
[00 6 2] Sfefc, KS2 6<D_Bc|4, ft 

[00 6 3] HELfc^- K W ti2 1 ^ bftM 2 

ti2i^b R^flsttg 2 2 &nmfemvm 2 3 ^-gu 

S-e-CWfig-rsSgBB^ (X) Jj&XDffiWffi 

2 »«LfcSlO««B2 0 a LTV^ G 

-bKI4, ^fflSUCOh7y^(i (X) *ft(E>p?{B!lffi2 a 40 

[0 0 6 4] »2 0ft «««r»jftiEa J:lC/iUKL 
SVI 1 o u ^ MRR 1 j: 5 t(IS:*»fc ((SSfoa) 
MR 1 ^«tottTt^4t^Jl]R-2 0 0>PUMIlfi 

rf\ -f*-^* y yn^x^f^Lt^$ 
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fg2<DffiMmt<Dffi\Z h7 S>^f§ (X) *[6](wIR7^^ 

[00 6 5 ] IP*,, #Il2 0^1««Cio^T, 
— V^ J rM2 l<D—M<Dfri:1gl\s*:<D±W<D&m±X 

«tb&*u #ri4\ Ei6, h 7 0 t^mmzm 

ftttZo Z<DWr£s #SJi2 0<7)$aB(DSffl(|ffi2a, 

[00 6 6 ] Z<D£o{Zi$MW\ZMf&l,ti&mm2 0(D 
WHMmmz 14, T^&BStci^-f T><T*Ji 3 1 , S£l<£> 
hV W 7^13 2, ^2 CO^— K^-f T 3 3 , 

mmm 3 4 xt^Bi^coftas^-en^nsrs^nTv^ 

-5o -£>5*>, |2(D/^K^7^i3 3lt SI 10 
Id^-f-J; 9 ^r^7 P S2 0b(D±(«$nt^ 
<9, g2(7)A- K/W7^13 3 0?iai 3 3 a !7 
5-«4i2 5©W«««til«, iSLTEf^nt 
v>3 0 HS2 0/N— K'WT*Ji3 3«r£OJ:5fc»iifc 

tsci-c, +^7^tM7y- mam 2 siz 

[00 6 7 ] &*s, c<D#JlJg|2 o Srj*^«w««*|j: 
14, ««|E«jKW-tttP»rRlffi-Cfc5AB Sffi^fe^ 

h?iy?m (X) *lpJWffl|^{H!lffi2 a (|g 1 2 
0a) ir»UTKW*:WflBS»E4:, Sa5B^^^>>^ 

B2 o btc ±fabm^zvtmxz<Dmm&mE±{zmm 

(7)/^ hv^ 7^1 3 2 ^ t^ns 1 1 1 P?ffl!U£B 
F{C1(4, i 2 (D/n- K/^ 7^13 3 Sl/Iii 3 4 ^ 

[0068] £ fc, (310 i^^oV , ^ 2 (7)^— hV<>T 
7^f3 3m 7y-Bffii2 5^{iffi, o£t)^2 
^«^ffi2 0 c {rga^M LTE«-r*«#*gB 3 3 b 
t, ZtDimmS 3 bOT«fS^R*4fcspfflS5 3 3 a <t £ 
Mxfc^TfcS^, ^^WlgP3 3 a OlffiS^S 
7^Bttl2 5^±ffi2 5 a «t D 1>±*ffi»CE«S 

tv^>o — ^^¥*aa53 3 a (DTffiy ^>^i4, ^y — 

®*feS2 5<£>TS2 5b<fc 5 t>T*fcE«**t5. * 
jb\ ro|llBgS^l2©A- F><>fT*Ji3 3 {4^1 

[00 6 9 ] El 2 (4, g| 1 tc*-r»BBKft^y Ko£« 

(4, T^feWffcfc, ^7^T«I3 1, JKlO^— K 
^7^13 2, §2(D/N-hVNV7^l3 3, 

3 4^Msnr^5 0 

[0 0 7 0 ] Z<Dm2frbftfrZ>£ 5^, »20/n-K 
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^7^13 3KJ2, #g^2 0C93Sfflg|!CCDpHB!|ffi2 
a (|?2cD«$4ffi2 0 c) tOWtc:/MT^TlfiS3 1 
#»J*3ft-0*fcl^fc«>, 7y-ttttf2 5 5rl2W^ 

[00 7 1] *fc % 'WT*T«lS3 Hi, Ell OlZjj* 

lat, w©¥fiffl3 1 a±fc7Kfc£ftfc««WB3 1 b 
iT**^$tv5^, «U4«II 3 lbcD±g|i|2, !2©Uv? 

[00 7 2] :©A^77Tii3 111, &&Mm*fr 
•6S##Bt (b c c«3t) Sr*i-«AJR«t-«?JR)«S*tT 
V^5. BP*> N Cr, W, Mo. V, Mn, Nb, Ta» 20 

v *i"jta» i a * fcii 2 nvj.jKD7tmT*&& ^s:t«s 

-©CrKll, Il©/^W7^|320gf B i|4] 
SrS^-SHtgfC'gix, g£l WA--K^7^i3 2©ft 

[0 0 7 3] Sfc, CKD^Wr^Tif&Jf 3 1 12, CrSr 
fflV\fc«£\ 3fcKo«fe»t*-r-A*eo*I«ll*»6 I BD 

sroatufc) T*tfamTz>t* mi lt^-ri?^ & 

3fefeftiElRl^ (110) bfti. &7c, fr-ksfctfte^- 30 
(bcc) ©CrS:ffll^W7^Tii3 ITU M 

*.HWW**flSr5 0«TriiBli-5i:, Ell 2 

4Bft£&Effl0t (110) (2 11) s 

(200) z.ni.?\z, c r <r>&&mmj3fa\z. 

(211) ^ (2 0 0) »i w/n-K^ 

-(^13 2 <73— Mt'feSC o P t bV>t&&m&\ifi[ l 

o oiKftstgaftu A*i,-cfc5CoPtrocffiiiii 

W7^l 3 2©««^SrJil^:S-fr5-idi-<»§rS. 

[0074] WAmmRxmA EfateS:* 40 

t5^«II;J;oT^7XTifti3 1 5 HS 

12, T^TifiM 3 i ±\zMj&£!tiZ % l co^— 

fc, frQiZ, 'WT*TiteS3 1 ^3111412 2CD_b 
\zMj$.-TZ> b , SS&S&teJl 2 2^^E|6]W^(r «t 

3 2^ a B B tttteT-t-5Ctt fc3jfl*» * 
KltT-#5 0 50 
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[00 7 5 ] *t, rro/<-rr^Tifte3 i ±\z&$gi 

tfVx- hV^7^l3 2S^2^- K^7xf3 
3tfMf&ZinZ> 0 Z.<D%2 (K>^- 7^13 311, 

¥fi$P3 3 a^Tffiy^ #)1JSI2 0W*gBBcD±ffi, 

C«ffl2a (!2©iMI2 0c) CSt5S-Ch 

^i/^ti (x) *isjfc«auTaw$ix-c^5. ^\ 

$1©^- K^7^I3 2OT2©a-W7^ 
€ 3 3 12, ^rft^av C o P t -g-^-^C o P t C r 

M (fee) ^^iig.(hcp) ©jfttetsfeo 

[00 7 6 ] ^JSJK-e^$nfc^T^T* 

I3UI1 C9/n— K'M T *Jf 3 2 S:1tfig-t-S C o P 
t m&&<D (hep) ftjfi wtt^JBRttifi l Met * 5 
HDfC, f 1©a-K^7^I3 2«CoP tl^ffl 
ISAflliitt, (fee) «MML<3f)< (hep) 
*iS-e»jfc *5. icot#, (hcp)#5g 
»c#li« C o P t^^w^#Ep»ite:fiE5feE(6]$H 

s. (hep) iiit, (f c c) mm\ztt 

[00 7 7 ] L"C. H 1 co/n— hVM T 3 2 KSE 
lt$2»A- HVV7^I3 3«$Ji5, 
2<D^-K^7xf3 3li > El2(r^-T J; 5fc % 

U3 3 acomm&Db-tz b, *:<Dmme)<pmr>/2iz 

[00 7 8 ] /£*5, |2(Da- hV^7^S3 312. ^ 

#Pi=F;fxfc£ iio/n- hvw r*)f 3 2 tiESStebT^; 

yN _ hvw 3 3 |4 jg j K/<xf yxfin 3 2 

roa:-h*fci2xMT^T^S3 i<oat±fcfia«$ix5ro 

[00 7 9 ] Sfc, :»$2©a-KaM7^13 3± 
i'li, «ffi*3 4*^jEdi$n<5. i co««@ 3 4^tt. 

M$jlTl^„ r£om^3 6±lrii x T 

[008 0] £t±oJ:5*#*«)»*«aai**^-2«) 

[oo8i] z.<d£ o\zm&ztiitxv>'<'i'7%mm 
m+X'ii, mmm 3 4«^ m^m^m 2 3 . &m*mm, 
m 2 4 *j ± t>*7 v —m&m 2 5 c± >^ tx) 
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p>*u LfrtiWfs&mmftfrib'^ b (y) 
b^vtm (x) *Kn*»e>/N-f h (y) *i«iKrtiitTas 

rt^S, iOt*. 7'!IHltt|2 5i|£iS|2 3 
©Wftt, #8£tt»«Jf 24i S^fiSttJi 2 3iO# 
3k 24t7!l — W&m 2 5k tf>#ffi 

rmao, u «£tb7i 

[0082] rw^jfe^ffi-eii, miii^y k 
5 * k tr ^jvzfMnmm&tm&m* 2 l 

[0 0 8 3] B&2©HWB»]»cfc, i(D^^C0^2(O 

<r>m^,mK^)^m z f-2 '14, ^Tyw^fvx^^-r 

2 7i,H«W4i2 3, 2St, Rmm\m22, 2 
[0 0 8 4] gp*>, :©#Ii2 0'lt T^», 

(t**) 2 1 , (tm<d) 5:®.mmm 2 2 . 

4 A, 7!)-ifti2 5 > (±flJ<D) ^a<4^«€2 4 
B, Ife«ttl2 8, (±«|(0) frm&i&m 

2 9swsi 2 7 1 $i±-CfcS 0 

[0 0 8 5] r^jt,, T«l©BJ6*te*2 314, T*» 
bJWfc, mi ro@£ltti2 3 Air, «ttW^!2 3 
Bi. f2©itlttS2 3 CtaiU4 5. 7!)- 
&t!fejf25»4, T*»feJ«fc. CoXliCoFe, CoF 

N i F 8«#>P>tt*ft3 0)&KttJi2 5 Bt , CoXI4 
CoFe, CoFeNif©Co^f>45Il©a 

Stttff 25At *mm -5„ 
[0 0 8 6] ±M<D®fem&m2 8(4, T*»bKS 

fc, ^2Wi 5£S£teS 2 8 C <t , jttM&tetpffljg 2 8 B 

14, T{M<z>@£B£ttS 2 3 k m-*m"WR* 4 
*3, ±{KI<£>#8a4£»f 2 4 B 14, Tffi!lW#«tt^mS 
2 4 A £ B-tmt, * tz±M<D5.&M&}§ 2 9 fcT« 

[0 0 8 7] 4*5, ^W#il2 0 ' "Ct, ttSUEftft 
f*£©»6iaff-C*3ABSffi<B!|;J»&ji.fcBl C^t^tBS I 



(9) «fBB 2002-305336 

16 

HffffiK^T, 3g]f (Z) JjliH<DTj3X'b7y?m 

(x) ^-f6]ii®?>*ssa5B i, rrosaB<o±<D?5aia5 

14, ->-KS (Tifeg) 2 1, <T«<0) S&8H4S2 
2.&r>* (TflSW) H^aA*2 3«)*aiJ^*s^*n5 — 

^ttlg8Ctc:(4, (T««» @«±/f 2 3<D-g|5, 
(T(R!lC0) »tttti2 4A, 7 !> —JKteJi 2 5 , 

mtmmnm2 4b, (±{m<o) bj&b&jb 

2 8 , (±{ffl(0) K3tfiS#feJI 2 9&t>*<£mjf 2 7 
10 ntv^, 

[00 8 8 ] $biw, :ro#iK2 0 ' &&As1£ffiWi% 

«in4, m lnmmm^k rusk, ^fEStadcsristf 

^I-eAiABSIi^Sfcill:, «Jf ;5•l^>](aT:£• 
|;I*il^-C, #IK2 0'©SSBroh7 5'7ti (x) ^ 
l*l»M(lll:tit5<!: £ hizmw&2 a , #lcS? l <7>« 
Mffi2 0 a Cfl^T&ttfciSjffi!l£gBE£, S^B(D^^ 

«yg]2a, #|CI2»MS2 0 c \ZtgVXW>VtzMm 
-taSFtSr^-rs^itt^oTV^o - fffiHBflS 
20 a5EtC(4, /^7^TW3 1 WI1©/n-K/W7 
^13 2tf-£&i%Z kk tic, jiBHft!!±S3FKI4, I2W 
^-W7^f3 3Wlgf3 4i4S^Stl5 (1 

[00 8 9 ] i<D^l®^S-CI4, l2^/N-K/ i ! 

-YT*g3 3ic:i4, fllttffi Hl?3 3bW^Sin 

Ktsyj) ^^$nx*s6>-r, ?tg8 (iit3 3a© 

^7y-Sttf2 5(D_hffi2 5 a i ■? t)±^{iBiClSaS 

2 5 b ±t) t>T*»riBB$ttTi^ 0 /«C*d, rw^JS^ 
30 1^2ro/N-K^7^i3 3t>Il©/N-hVW7 
^^3 2fc:fl;^«)^S«4bTV>-5 0 *fc»2©^— hV< 
^7^13 314, 7!)-ltti2 5»«)I > 0*13^2 
W-(g^ffi2 0 cKjESS$l;LTEg$;ft-t*5 9, 7!I- 
2 5 lzftftt£s<4 T xmft&mn-t -5 r. £/4ST*# 

5. 

[0090] Ell f=*i-?WIUKSt^ y K©«Jt*- 

ffiirov >T , m 4 75 II 1 0 bfft^i" 5c 

4*J, #EII4IE^#:i:ro*f(6iS (ABSi) 

40 [009 1 ] (1) EUl^ir-J; 5tr, M^»4 

T/U^-^y^ (T)\,%-r=f-$ ^3>—/<.4 V, A 1 T i C) 
t£k*<D±7 % 7^^W^f)/i5Sfil 2 Jbir, 
ror/u?-^ (A 1,0.) (T^'a-S) 

[009 2] (2) Z.(D&mm (T b) 

±fcT« KI 1 3 t Jg^ti t i t fc, r<OT£B 

0iJ^l4ryus-t- (Al.OO tek'X*Tn*TV7m\ 4 

50 [009 3 ] (3) H5t*tJ:5fc. T«=¥-^ 
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MR (giant raagnetoresi stive) ^©-ST^^ifih ®*£-C'j*3: Hit y^fiUtli, fjtji&tf) U 7 h ^-^ffi 

[0 0 9 4] r<D#SK2 0*5, flBJxtf, XkV7^U ft-Wl, (#SJBl2 0 2 a ?>ft_hSl$ 

rco#^e^2 Oft**fifc-*-a#Sl;io^-Ctt» A# [00 9 9 ] /qr^Tii3 1tf)^/<y^ro 

Ni f e&&£z<om&tm-r?mti.$titt.mi&m \z\**zftmzt> (h c ) 

i23, Cu ft tlltm&mtWS 24, Ni [O 1 00] /W7^T«I3 II*. Cr, W, Mo, 

F e-&Mift*M^Wc7 y-«ftl2 5 , K V, Mn, N b , T a (O o *>^-fn^ 1 IKiSrfflRT? 

®2 6^Ta/iif-e^$tbfcfiiaiS2 7/£4fft^ # 3 0 5*,C rKtv<^7^T«i3 1 Ir^tS 

wirjJS$F*UV\ |?2<7Vn — hV-fr^i 3 211, Co 

[009 5] fc*3, ^^^a^-^'fT'Oi^l: PtCr^4^KJ:DjJSRt«. fc*5, /qT^Tl 

tt, «EffiS»SftiaS[<OteS{=«tJlS-e:5o' r<£> Jf3 1, |g 1 tfV>— F>^ T*Jf 3 2 11, ^figffiacofi 

i^KB, *>-KWtl2 l©±t, K3fem«2 2 0 (j&BHl&O) • ft*L-C^y^fiBK$n<5. 
*»67y-«14»2'5S-e«>#»ftT»»6>«KflWiS-ft 20 )BSA«fltt, JMWSfcttS 0° W_hT*70° 

fc<D%, ^y-aste® 2 5w±k, $p>k, mmmn. lv\ j:$#*L<tt4o o «±-c6o° « 

*2 4B, HJBBEtSMi2 8XVS»«H4JB2 9ft» Ti> T-CfcS. 

&MK=:a*3-fr3. Sfc, 3l7*JtfyKSoi)6» [0101] (7) £t>K, H8fcStfJ:5K, 

teg <£>#*?!)(;:, ¥iro@^lttit*tiv^L, 3f7 2 OWiffio^SB^S-a-^-ftb-C, »10!)7ht 

*y7!l-107y-lM©#jj9l:. *IC7y- 7ffl<DU^7 hjgR l ± •? tio»r«2oy7ht7 

«*4«-CfcJ:v^ i<ouv ! 7. h«R2Sr'Slt5i:it)lc > -Yty?y^ 

[0096] (4) CCOi 5 ^L-T. TlaJ^r^y^ 1 ftifCCfct), ^-K/M7^l3 2 Ctli!|l©/v- 

4©£ffifc£]fI*2 0ft?BriJLfcfe, h^y^ti K/M7^l3 2C«at5) yy^ff 

TwflljOBjlTifcSHilMWEfc, Tite€3 l^lffl I2©V-^ hgR 2<0 y (X) 77 

^-K^7 7|3 2ft^-TS7ci6, B6IC5W\J:5 30 L 2 14, JS 1 5?'^ h«R l ©BI*r6iro«S 

WI$tlfc^IK2 0©5t), IlWh?*/^ LUHO. 2-0. 4 ^mSS/h$< 7&fc$*VCV* 

(Twl) {i^jcS-t-5#SSl2 o<o^y TK, tgj£fl£|fc 5„ 

roy7ht7f©Il©^7 hJ^R 1 ft^LT, T [0102] m $ (Z) ^ft^ovv-ctt, M 

^=¥v^fttf5 0 *.tf«a»T?*-r «t 5 ^ H3ewffiB2 3fl?— w^aise 

[0 0 9 7] (5) -ft L~t, #lJxli^y^>^ *©»;**^»< y^V^ftffV'', a-K^ 

I BE(ion-beam etching) ft E IC it) , ^CD h7 7:7i T*JI3 2 tO^ffl^CD^ff CB& 1 0 OAoiri-SSt'H 

jse (Twi) wwiyr, -o&'omwmm.&mii-f wmmzm^-t 5. v^y^m (x) tj^cio^ 

So Cro«fc5 PHMffitfeKo^TIi, H6fc*t Til, «*. lilifmf J; 5 fc, «2 0©ii2 0 

£51::, #g^2 0<D*T€-Cfo5->— Kl"f-*«2 1 d(»i h7y^«Twi)o*joeo. 2^m©ii 

©TOTtt^ + y:/* 1 4«)ff$«)Btf«fiWtt^*-eg§5 40 ^>ST-ftl^*-r-5o Z\fr\z. ± 9 . 0 9 \z^-TX 5 

os>?, #®JK2 o wwas«is^*dv>t, tsb ^2 o^-^^^y^m-rzmawm^nm^ti^o 

**-y7mi 4<D±tft BP*,, CtUci?), #JUK2 0fcl±, '✓-KU-ftl2 

J: *>fcT<B ^ty^yy^Mifmxyf u R®m\m2 2SI/7 P-iB|4f2 3 ro-gp^fe/j: 

i^ftaKJ: t>B**"f-5. CtUCJ;!?, miSixK.&mm <5Sg|5Bi, (XTJfi) JC^ffi Lfc^tB 

2 0S, SI^aiSlBS-ei^tLfcffi^it/iO, t ftjgj&-f-$. 

**«2 0tt»aff^Jgtti:«:5. [0103] (8) 01 OKfc^T, |2©/n- 

[0098] (6) ^roj;5»wLT, mmm^^mm v^r^ms 3 t^msn 20 mam 2 a , ^zm2<o 

2 0ft^*Lfc//?>tf, JSfefC, H7fc^-f-xe-ett, # 0 c t?7 y -Ktt/f 2 5 KjggH$«rr5 J: 3 

^^2 OOW«MH«-ea!,5KJ*Lfc|H0ft^ /VT*T I BD (-f • f-A • ^f-^yi/g V)^ift?^ 

il6Ji3 1, H io/n-K/^7^13 2ftT^bHStw0f 50 *y znkZtyStmfkgett* 2 0° Tfc 
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W2lZ7F-fi. oiz^ ¥-iBM3 3 a Ojgl^ DO 
D/2©fif^ 7 y -g^g 2 5<Djg|/¥d (O^-Cfc 

5d/2 cfisi bs-sc-t 5 j; o ?mmxi&m-rz> 0 

[0 104] :«7)f2©^- K^Txf3 3C0ffflM& 

TifcJf 3 i ioXxifHi <o^~- r * Jf 3 2 ) 
-fSSiSSrSK L-C*)5<D-C-, f20A-K^7^I 
3 3W¥ifl£|!3 3 a^+^/iJP$T*7y-a^2 S\Z 

1 co«#4a5 3 1 b/J5 7 y-iKtt®2 5(iS^i-^<7)?:(Hl 

[0105] (9) =t<0%.. Ell 0{C*-r± Jg2 
ro/N- 3 3 i ij ±ggfc»3r8ISi--5o 

[0 10 6] (10)ftt, ^|K2 0&t|!tU3 4 

(a i ! o.) fc^-cm^t-wigs^-*- -y-ym zmm-t 

if t, 01 te^awattK^y K 1 ^^g-T 
5. 

[0107] 

* > tr- a * ^ < y * mz x *) * '< v 9&mr s t # <r> * 
(om&miz&ftn-rzig&m&xmmvr (xrd) iao 

-CW^a^KSrfTofc. ^rottoeiS:, BUM 
121 1 2 ir^-f-o 
[0108] m 1 1 Si fcflt ^at« ( S i SIR) 
W«ffic0&^^i6](c*fLT2 0 

li> S i S&<7?^ffiwffi|!ft;fr[6H;:*!-LT 5 0fg©fiSi> 

[0109] El l 1 l-SH-J; 5 (C. 2 0«<7)j5g^«T- 
fit. »&ixfcc r]«<og|«a5»rBiSii-5iltiaffitt(i 1 

*IS£5 0ffi|r-f5i. Ell 21^-f-J; 5(c, Wfcftfc 
C r«roflHEffilcEl^-t-«feaffifc»4(2 0 0)B, (2 

i i)ffit^,tB$tL5 r iot^, 
^r^Til!!SSr«/dti-SC r«tt, llfict, & 
fi«iftl4fM>5fctf*&^ (bee) «5tT-fc5„ 

[oiio] mc. s iX*±tc:, ^^-^tr-A^/-?^ 

g 1 <D^- T*Ji 3 2 CoPtKro2 

*fflS*^<y ^jsaetU c o p tJK<o^*ffi»^ErS]i-5 

SrHl3l^-f. /^*3 V c r m*l&mi-Z>b 50 
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[Olii] iOEIl sro^v^^tj^^i^lc:, 
-fT*Tit&Ji3 lf*5C ri<D«g5r, 2 0g 

(at*t) x 5 Oft (bf*t) , 60S (cX*^ 
■T) , 7 0S (df*f) i»:SI(C;*;#< t5t, -5rO 

-bi-$J^$ai,3S?i <?v^— hv-wr^jf 3 2©[oo2] 

\ttZ<froX\.*< z\btf&A*Z 0 IP*,. Si»a- K 
10 /W7^K 3 2 T*fc5 C o P t KrotlSfiEl^li. 
[0 0 2]IH[10 0]i-.t»bt5. 0*15, Co 
P t^<o«ffiMftIEf&]li, ctttfSffllffifiHEfpirt^Jgffi 
Ertiafa^ b&ikTZ, Sfc, rcoi&-g\ CoPtj^ro 

(He) fc, 1 7 0 0 (O e) , 2 14 0 (O 
e) . 2385 (Oe) , 2460 (Oe) ^b&B\Z 

[0112] tct, lWifiLfcJ:5**2feT?aBSLfc^ 

^3 1 TNfcSC r^WjEjg;JK^SS:7 OgSft (El 1 3 <F 

'M7^R3 2t*fe5CoPtfroftiA (He) Srif 

tttSi? I^2©/N-FVM7^)I3 3 Sr/iJ<JBI£*0 

3 3tCI4, gl (D^— K'*>f TXJ&3 2A=>e><0^<C» 

(He) J: 5^*5. 

[0113] 

tuts, %2 <d^— v^t *m<o^m.nfr, — 

-W4*fclWiq-<?#5 < fc5 K45*»?>« A»ftSdfe<l«H4 
[0114] *7t. iC5*WKJ:iLHf, y<4T^TMm 

[0115] $biz^ zw&Wizxtm, ^r^Tftfi 
S fcfifclK LfcIl^-hvW77l(:ii^ teQmt) 

±51-45©-!?. 7!)-ittil:ii^*/-!'i'7^Bf 
frftftl-?'* 5 ± •? . S*Lfc|fdfeUiASr»« c i: 

WIS r b &X-$ 5»f, €§5l5 <o X 0 ir^s— 



(12) 
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imi] z<o%m<omi<Dmmmm\zm^^^>^y 

[03] ^^^a^ww^f^r/^t 9 

S: xSJiiir^ -tuf SB) -efe 5 0 

[06] lw^tf^</^a»iij(^^ttjfc&ft^njB« 
[0 7] IB]^ifw</^a5»ffl|^(7>jHJg*feS:XaJ« 
[0 8] ^^<^^S!*«*^^«3t*8feS:xaiW 

[09] n* K*>'s<suywmmm*<Dmfej>m*j:mm 
[010] wi^if^/^a*«»^»i6*j*txa 

[011] Cr»S:2 0«^fiWft«T?«»Ltf&© 
[012] C rK«r5 OftOdUKAX-rjAKL^i^^ 

[013] c r/cop tmmm<Dxmimmm^'t 
[0i4] se*^«is*te-e»j*siifcra^ t o ^/<^y 

1 2 Stfc 

1 3 T» *>— /l" Kg 

14 T * 
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(51)Int.CL 7 mm* F I f-w-K (#%) 

H 0 1 L 43/12 GO 1 R 33/06 R 

F ^ — (##) 2G017 AA01 AB07 A009 AD55 AD65 
5D034 BA03 BA05 BA12 BA21 CA08 
DA07 

5E049 AA04 AC05 BA12 CB02 



